The patient-centered medical home (PCMH) describes mechanisms for organizing primary care to provide highquality care across the full range of individuals' health care needs. It is being widely implemented by provider organizations and thirdparty payers.
T
he United States spends a greater proportion of its gross domestic product on health care than any other country in the world (1) yet often fails to provide highquality and efficient care (2) (3) (4) (5) (6) . At the same time, satisfaction among primary care physicians has waned amid the increasing demands of office-based practice (7) . There has been growing concern that current models of primary care will not be sustainable for meeting the health care needs of the population.
The patient-centered medical home (PCMH) is a model of primary care transformation that seeks to meet the health care needs of patients and to improve patient and staff experiences, outcomes, safety, and system efficiency (8 -11) . The term "medical home" was first used by the American Academy of Pediatrics in 1967 to describe the concept of a single centralized source of care and medical record for children with special health care needs (12) . Building on other widely promulgated efforts, such as the chronic care model (13) , the current concept of PCMH has been greatly expanded and is based on 40 years of previous efforts to redesign primary care to provide the highest quality of care possible (14, 15) .
As defined by physician and consumer groups, the core principles of the PCMH are the following: wideranging, team-based care; patient-centered orientation toward the whole person; care that is coordinated across all elements of the health care system and the patient's community; enhanced access to care that uses alternative methods of communication; and a systems-based approach to quality and safety (9) . Although these principles are frequently cited in relation to PCMH, it should be recognized that specific PCMH definitions vary widely, reflecting the rapid expansion of the use of PCMH concepts in the past decade (16). This review was conducted as part of the Agency for Healthcare Quality and Research's (AHRQ's) "Closing the Quality Gap: Revisiting the State of the Science" series (17) and sought to describe how studies conducted to date have implemented PCMH and to evaluate the current evidence of the effect of PCMH interventions on patient, staff, and economic outcomes.
METHODS
A technical report that details our methods and results for all 4 original research questions is available at www .ahrq.gov (18) . Topics for the "Closing the Quality Gap" series were solicited from the portfolio leads at AHRQ. Investigators at the Duke Evidence-based Practice Center refined the research questions through discussions with the Stanford Evidence-based Practice Center, which coordinated the series, and with representatives of AHRQ. A panel of experts knowledgeable in PCMH principles provided input during the protocol development process.
Research Questions
The present review addresses 3 of the 4 research questions included in the original AHRQ evidence report (omitting a horizon scan of ongoing research) (18) . We sought to describe PCMH interventions that have been studied in the peer-reviewed literature and the effectiveness of PCMH in studies that included a comparison group. Specifically, we addressed the following questions:
1. In published, primary care-based evaluations of comprehensive PCMH interventions, what individual PCMH components have been implemented? 2. In published, primary care-based evaluations of comprehensive PCMH interventions, what financial models and implementation strategies have been used to support uptake?
3. In published, primary care-based evaluations of comprehensive PCMH interventions, what are the effects of the PCMH on patient and staff experiences, process of care, clinical outcomes, and economic outcomes?
Definition of PCMH
We created an operational definition of a PCMH intervention based on the AHRQ's definition of PCMH (8) . To be considered a PCMH intervention required the following: 1) team-based care, 2) having at least 2 of 4 elements focused on how to improve the entire organization of care (enhanced access, coordinated care, comprehensiveness, systems-based approach to improving quality and safety), 3) a sustained partnership, and 4) having an intervention that involves structural changes to the traditional practice. Interventions that did not use the term "medical home" but that met this definition were categorized as "functional PCMH" interventions. Specific items included in the definition can be found in Figure 1 .
Data Sources and Searches
We searched PubMed, Cumulative Index to Nursing & Allied Health Literature, and the Cochrane Database of Systematic Reviews. Our search strategy used the National Library of Medicine's Medical Subject Headings keyword nomenclature and text words for the medical home and related concepts and for eligible study designs. We included studies published in English and indexed from database inception through 29 June 2012. The exact search strings are given in the Appendix (available at www.annals .org). We supplemented these electronic searches with a manual search of citations from a set of key primary and review articles (19 -26) .
Study Selection
To be included in the review, studies had to 1) be peer-reviewed; 2) have interventions that met the preceding PCMH definition; 3) have interventions delivered to patient populations representing multiple diseases (that is, no single-disease care management studies); 4) be conducted among adult or child primary care patients; 5) have follow-up of at least 6 months; and 6) be a randomized, controlled trial or an observational study. Studies describing PCMH interventions in the published literature did not require a comparison group. However, studies examining the effectiveness of PCMH were required to have such a group.
Two investigators independently reviewed each title and abstract for potential relevance to the research questions; articles included by either investigator underwent full-text screening. At the full-text screening stage, 2 investigators independently reviewed the full text of each article for inclusion. Disagreements were resolved through review and discussion among investigators.
Data Extraction and Quality Assessment
One researcher abstracted the data, and a second overread the abstracted data to check for accuracy and completeness. Disagreements were resolved by consensus or by obtaining a third reviewer's opinion if consensus could not be reached by the first 2 investigators. To aid in reproducibility and standardization of data collection, researchers received data abstraction instructions directly on each form created specifically for this project within the DistillerSR software program (Evidence Partners, Manotick, Ontario, Canada). Abstraction forms were pilot-tested with a sample of included articles to ensure that all relevant data elements were captured and that there was consistency and reproducibility across abstractors. Data abstraction forms included information on study design, study population, interventions, comparators, financial models, implementa- tion methods, study outcomes, and study quality. Results of interest examined for PCMH effectiveness included patient experiences, staff experiences, process of care, clinical outcomes, and economic outcomes.
We evaluated the quality/risk of bias of individual studies addressing the effectiveness question by using the approach described in AHRQ's "Methods Guide for Effectiveness and Comparative Effectiveness Reviews" (hereafter called the "Methods Guide") (27) by applying predefined criteria for methodological quality and adequacy of reporting for each study type to arrive at a summary judgment of the study's quality (good, fair, or poor).
Data Synthesis and Analysis
Studies were categorized into those that explicitly tested the PCMH model and those that met our functional definition for PCMH but did not use the terms "PCMH" or "medical home"; we refer to the latter as "functional PCMH" studies. Outcomes described below were broadly categorized as relating to the following: 1) the quality of both patient and staff experiences with care, 2) clinical quality (that is, provision of evidence-based care and health outcomes), or 3) the economic effect of PCMH initiatives. Because of the wide variability in recommended measures for evaluating PCMH, we analyzed outcomes that were reported across studies, focusing on those collected by using validated instruments or methods. With the exception of inpatient and emergency department utilization, studies were too heterogeneous in design and in outcomes reporting for quantitative syntheses. We used a random-effects model using the DerSimonian-Laird method (28) to compute summary estimates of effect for hospitalizations and emergency department visits for the subset of studies that used randomized, controlled trial designs. Summary estimates were calculated by using Comprehensive MetaAnalysis software, version 2 (Biostat, Englewood, New Jersey) and are reported as summary risk ratios (RRs).
For other outcomes, the study populations, designs, and outcomes were too variable for quantitative analysis. We computed effect sizes, represented as the standardized mean difference (SMD, a summary statistic that uses a common scale) (27), to aid in interpretation of the qualitative synthesis. The SMD is useful when studies assess the same outcome but with different measures or scales. The SMDs were calculated for each study by using the Hedges g (which corrects for small sample sizes) by subtracting (at posttest) the average score of the control group from the average score of the experimental group and dividing the result by the pooled standard deviations of the experimental and control groups (29). Beneficial effects are presented as positive effect sizes.
The strength of evidence for the highest-priority effectiveness outcomes was assessed by using the approach described in the Methods Guide (27, 30). In brief, the Methods Guide recommends assessment of 4 domains: risk of bias, consistency, directness, and precision. Additional domains are to be used when appropriate: coherence, dose-response association, impact of plausible residual confounders, strength of association (magnitude of effect), and publication bias. These domains were considered qualitatively and a summary rating was assigned, after discussion by 2 reviewers, as "high," "moderate," or "low" strength of evidence. In some cases, such ratings were impossible or imprudent to make (for example, when no evidence was available or when evidence on the outcome was too weak, sparse, or inconsistent to permit any conclusion to be drawn). In these situations, a grade of "insufficient" was assigned.
Role of the Funding Source
Funding was provided by AHRQ. Representatives of the funding source provided technical assistance during the conduct of the review and commented on draft versions of the full technical report. The funding source did not, however, directly participate in the literature search; determination of study eligibility criteria; data analysis; or interpretation, or preparation, review, or approval of the manuscript for publication. The AHRQ granted copyright assertion.
RESULTS

Study Selection
We identified 5731 citations from all sources. After applying inclusion and exclusion criteria at the title-andabstract level, 768 full-text articles were retrieved and screened. Of these, 708 were excluded at the full-text screening stage, leaving 60 articles representing 31 unique peer-reviewed studies. Nineteen studies were comparative studies of the effects of PCMH; these 19, plus 12 noncomparative studies, described aspects of studied PCMH interventions. With 1 exception (31), all studies were rated as being of good or fair quality (Figure 2 and Appendix Tables 1 to 3, available at www.annals.org).
Implemented PCMH Components
The PCMH interventions tended to involve comprehensive changes in the delivery of primary care, with 24 of 31 studies describing interventions that included all 7 major PCMH components. However, studies varied greatly in the number and types of specific approaches used to implement these core components; overall, 51 different strategies or approaches were used (Appendix Table 4 , available at www.annals.org). The PCMH studies used more strategies than did functional PCMH studies. Most studies addressed chronic illness, preventive care needs, and acute care needs; used multidisciplinary teams that included a designated primary care provider and defined roles (such as who manages specific aspects of care); and coordinated care transitions (for example, follow-up of patients who have been hospitalized). Three quarters reported adding new staff (such as a case manager). All but 4 studies used strategies to enhance access, such as home or telephone visits, but no single strategy was used in most studies. Identifying high-risk patients and using evidence-based clinical guidelines, performance monitoring, and electronic health records were the most commonly used approaches to improving quality and safety (Appendix Table 4 ).
Financial and Implementation Strategies
Implementation of PCMH requires significant restructuring for most primary care practices. Recognizing the increased range of services required, some definitions of the medical home include a financial component, but this was not a requirement for inclusion in our review. Among the 31 included studies, only 13 described aspects of their financial model, including fewer than half of the studies specifically designed to test PCMH. These studies used a variety of methods to fund PCMH implementation, including receipt of external study funding, capitation payments, enhanced fee-for-service, or a hybrid approach. Although not a PCMH-specific financial mechanism, it should be noted that most studies were conducted in integrated delivery systems, such as staff-or group-model HMOs, led by payer organizations, or conducted outside the United States. Little information is available on financial models for using PCMH principles in independent fee-for-service primary care practices.
Although it is likely that both organizational learning and implementation strategies are necessary for implementation of complex interventions (13, 32), we recognize that these concepts can overlap substantially. The most commonly used organizational learning strategy, applied in most studies (n ϭ 19 of 24 studies reporting information on learning strategies), was a formal learning collaborative or collaborative program planning forums for practice team members to learn about PCMH or its components. For implementation, more than half of 20 studies reporting information on implementation strategies used audit and feedback, usually involving quality improvement methods. The largest trial found that facilitated PCMH was associated with better staff experience than nonfacilitated PCMH (33); facilitation was qualitatively shown to be important for PCMH implementation (34). This suggests that the effect of PCMH on practices may go beyond simply having the identified elements in place. The process of facilitation may also represent an important part of the process for making PCMH successful (Appendix Table 5 , available at www.annals.org).
Effects of PCMH Interventions
Only 7 studies explicitly evaluated PCMH; an additional 12 studies evaluated functional PCMH interventions. Studies included both observational designs (n ϭ 10) and randomized, controlled trials (n ϭ 9). Older adults in the United States with multiple chronic conditions were the most commonly studied population (primary focus of 10 of the 19 studies). Most studies were conducted in integrated health care systems (10 of 19 studies). Studies varied widely in the range of outcomes reported and the specific measures used. With the exception of 1 study that examined facilitated versus nonfacilitated PCMH implementation (35), all studies compared PCMH interventions to usual care ( Table 1) .
For most outcomes, the small number of studies conducted among children precluded formal comparison with studies conducted in adults. However, results in these 2 populations were similar. CINAHL ϭ Cumulative Index to Nursing & Allied Health Literature; PCMH ϭ patient-centered medical home. * All studies/articles included for effectiveness studies were also included in the analysis of PCMH intervention descriptions.
Review Patient-Centered Medical Home more, Appendix Table 6 (available at www.annals.org) summarizes findings grouped by individual study.
Patient and Staff Experiences
Patient-centered medical homes have the goal of improving the experience of the key partners in health care: patients and staff. In this domain, evidence suggests shortterm (with 3 exceptions, 2 years or less) benefits of PCMH for both patient (35-42) and staff experience (35, 36, 38). Moderate-strength evidence indicates that interventions meeting PCMH criteria are associated with small improvements in patient experiences, on both overall measures of patient satisfaction and measures of patient-reported or patient-perceived level of care coordination. These studies included a variety of patient populations, indicating broad applicability of this finding. Although less compelling than evidence related to patient experiences, some studies (low strength of evidence) support the hypothesis that primary care staff may be more satisfied in PCMH practices (35, 36, 38). Two of these were PCMH studies, and 1 evaluated a functional PCMH intervention. Two of the 3 studies were conducted in an older adult population; none was conducted in pediatric practices. Overall, relatively few practices and few clinicians have been involved in these studies, and these practices may not be representative of the wider primary care practices in the United States.
Clinical Quality
Clinical quality can be considered to encompass both the provision of evidence-based care processes and the resulting health outcomes. We categorized process-of-care outcomes into preventive services and chronic illness care services (35, 36, 40, 42-47). Prioritization was given to generally accepted, guideline-recommended care processes. PCMH ϭ patient-centered medical home; RCT ϭ randomized, controlled trial. * Subcategories in each cell do not necessarily add up to the total number of studies because each study may have reported multiple outcome types. † Includes 1 measure focusing on satisfaction with mental health services. ‡ Does not include process outcomes not related to the provision of guidelineconcordant preventive or chronic illness care. § One study reported a summary Health Plan Employer Data Set (HEDIS) composite measure that includes aspects of both preventive and chronic illness care services. Our summary of clinical outcomes is divided into biophysical markers (3 studies), patient-reported health status (4 studies), and mortality (2 studies). Evidence suggests that PCMH may improve care processes, especially for preventive services. This is based on a combination of moderate evidence of an effect for prevention services and insufficient evidence to evaluate effects on care for patients with chronic illness. Although results are mixed in terms of whether differences are statistically significant, the point estimates for all but 2 of the process-ofcare comparisons are in the direction of the intervention. A lack of power may account for the lack of statistical significance for at least some of the differences. Although there is a possibility that PCMH may lead to more appropriate care, more research is needed to examine this possibility, especially in relation to chronic illness care.
Insufficient evidence is available to determine the effect of PCMH implementation on clinical outcomes. Only 1 of the studies had a stated goal of testing PCMH, and that study compared facilitated PCMH against nonfacilitated implementation (35). Most studies were conducted in an older adult population; none were conducted among ED ϭ emergency department; NA ϭ not applicable; NR ϭ not reported; PCMH ϭ patient-centered medical home; RCT ϭ randomized, controlled trial; RD ϭ risk difference; RR ϭ risk ratio. * Strength-of-evidence ratings are provided for outcomes overall (incorporating evidence from all studies), whereas magnitude of effect estimates are provided for RCTs vs. observational studies. The effect size for economic outcomes represents a summary estimate of effect from meta-analysis. Other effect sizes are presented as the range across individual studies for which effect sizes or RDs could be calculated. In 1 study (35), a program of facilitated PCMH (intervention) was compared with providing practices with information on PCMH but not facilitating the implementation (control). This study generally showed no differences on key outcomes that were addressed, potentially because practices in both groups implemented PCMH. The small number of studies conducted among children precluded formal comparison with studies conducted in adults. However, results in these 2 populations were generally congruent. † The effect size for 2 of the 3 available observational studies could not be calculated with available information (42, 60). As a result, an effect size median and range could not be calculated. ‡ One additional study (46) reports information about chronic illness care without point estimates. As a result, it did not inform the summary effect estimate for chronic illness-related process of care reported in this A single good-quality observational study found a mortality benefit at 1 year that was no longer significant at 2 years (49). Two other studies (1 RCT, 1 observational) had non-statistically significant findings also in the direction of lower mortality (31, 41), pointing to the potential benefit of continuing to examine intensive PCMH-type interventions targeting frail seniors and the effect on mortality.
Economic Effects
The most studied potential effect of PCMH involves the hypothesis that PCMH interventions will reduce health care utilization and costs (36, 38 -41, 43-45, 47-52). Our summary of economic outcomes is divided into differences in inpatient utilization, emergency department utilization, and total costs. There is a low strength of evidence that PCMH does not lead to uniformly lower utilization of 2 areas hypothesized to be affected: inpatient and emergency department utilization. Moreover, total costs were not consistently decreased in the reviewed studies. Table 5 . In contrast to the trial results, 3 observational studies (1 each in a general adult population, older adults, and children) found small to moderately decreased inpatient and emergency department utilization (43, 50, 53, 54). With the exception of 1 subanalysis, no studies, including the 3 observational studies showing lower inpatient and emergency department utilization, reported statistically significant cost savings among PCMH patients during 6 to 24 months of followup. In fact, when program costs were considered, 1 goodquality trial and 1 fair-quality observational study reported greater total costs among PCMH intervention patients (43, 55). Despite these findings, 1 study, a subgroup analysis of expected cost differences among patients enrolled in the PCMH clinics of the Geisinger Health System, indicates that savings may occur with lengthy exposure to the PCMH system of greater than 1 year (56). This hypothesis may be taken up by future work in PCMH.
DISCUSSION
Although few studies have evaluated the effects of the PCMH, a moderately well-developed series of randomized, controlled trials and observational studies have tested interventions meeting the functional definition of the medical home. Moderately strong evidence suggests that the medical home has a small positive effect on patient experiences and small to moderate positive effects on preventive care services. Staff experiences are also improved by a small to moderate degree (low strength of evidence), but no study reported effects on staff retention. Current evidence is insufficient to determine effects on clinical and most economic outcomes. Given the relatively small number of studies directly evaluating the medical home and the evolving approaches to designing and implementing the medical home model, these findings should be considered preliminary ( Table 2 and Figure 3) .
It is not surprising that the approaches to implementing the various components of PCMH varied widely. Interventions explicitly developed from the PCMH model used more approaches than those simply meeting our operational definition of "functional PCMH." As the evidence base expands, analyses of the relative effect of PCMH components will be important for clarifying the key approaches and could inform certifying agencies' criteria for medical home practices. Clinical practices and policymakers also need better information on the financial context and implementation strategies required for successful spread and sustainability of the PCMH model. Fewer than half of the studies included in this report described any new payment model, such as enhanced fee-for-service or additional per-member, per-month payments to PCMH practices. Further, there were no data on direct financial consequences to the practice implementing PCMH. This information-possibly through the mechanism of detailed case studies-could inform implementation efforts and the design of enhanced payment mechanisms for medical home practices.
Our review identified important gaps in currently available evidence on the effects of PCMH. Most studies evaluated effects in older adults with multiple chronic illnesses; few studies were conducted in pediatric or general adult primary care populations. Effects on quality indicators for chronic illness care and on clinical outcomes are uncertain. These are among the most important outcomes to patients, clinicians, and policymakers. Other gaps in evidence include the absence of data on staff retention and unintended consequences. If the improvements in staff ex- periences translate into improved staff retention and greater attractiveness of primary care practice, then PCMH would have met 1 of its goals. The potential for unanticipated consequences has not received much attention in the literature and was not evaluated in any of our included studies.
A horizon scan conducted for this review (results reported in AHRQ evidence-synthesis report) (18) identified 31 ongoing PCMH studies that are broadly representative of the U.S. health care system, both in geography and in the complexity of private and public health care payers and delivery networks. Many of these studies are being done in cooperation with payer organizations, and most are expected to be completed in the next 2 years. As a result, the evidence base related to PCMH will soon be greatly expanded. We encourage investigators to report the interventions in detail (that is, specific tasks, roles, and activities; detail on study setting; information on how the program is financed; and detail on how the team encouraged implementation), adjust for clustering when appropriate, report meaningful quality indicators for chronic illness (both processes and clinical outcomes), and provide data on the effect of PCMH on staff (including both survey data and staff turnover). We also encourage long-term follow-up of results. Outcomes examined in this report rarely had follow-up periods longer than 2 years. For certain outcomes, data from the electronic health record may provide the ability to examine long-term outcomes after the conclusion of formal funded studies.
Our review has important limitations. The PCMH is a model of care with considerable flexibility, not a narrowly defined intervention or manualized protocol. There is no standard nomenclature for components of the PCMH model. Further, various professional and patient organizations have proposed multiple definitions of the PCMH model (16). We developed an operational definition derived from the AHRQ definition of the medical home (8), which does not require an enhanced payment model. Because we used this definition, our review was more inclusive of studies that tested the critical principles that embody the Institute of Medicine concept of patient-centered care (57). However, greater inclusivity came with the trade-off of greater variability in study interventions. Although our search of ClinicalTrials.gov and other research databases did not suggest completed but unpublished studies, publication and selective outcomes reporting remain possible and could bias results. Related to this issue is the fact that PCMH models may be evaluated by organizations that do not routinely produce publications for peer review (such as consulting firms). Such results would then not be reflected in an analysis such as ours. Finally, heterogeneity in study designs, populations, and outcomes meant that standard quantitative summary methods were generally not possible.
The PCMH model is being widely implemented in various health care systems and includes key principles that are encouraged in the Affordable Care Act and required for recognition as an Accountable Care Organization (58, 59). Despite this impetus for implementation and agreement on broad concepts, such as enhancing team-based care and patient access, the exact approaches to PCMH implementation vary broadly. This review indicated that PCMH is a conceptually sound approach to organizing patient care and appears to hold promise, especially for improving the No models of PCMH look exactly the same. The operationalization of the above concepts varied widely, making assessment of PCMH effectiveness a challenge.
Does PCMH work?
There is some evidence that PCMH may improve care experiences for both patients and staff.
There is some evidence that PCMH may improve care processes, especially for preventive services.
There is some evidence that PCMH may be associated with reduced emergency department admissions for older adults. PCMH ϭ patient-centered medical home.
Review Patient-Centered Medical Home experiences of patients and staff involved in the health care system. Evidence points to the possibility of improved care processes; however, ongoing and future studies are needed to determine whether these improvements translate into improved clinical outcomes or economic benefit. Although implementing the PCMH principles is something to be considered by organizations seeking to enhance patient experience and quality of care, no menu is yet available for specific actions that are most likely to enhance benefits to patients, staff, and organizations. 1. "medical home" OR "health-care home" OR "advanced primary care" OR "guided care" OR "patient aligned PCMH ϭ patient-centered medical home. * Number of studies specifically reporting an individual strategy that could be identified during data abstraction. † Because any given study may contain multiple specific components or strategies, the number of studies listed as reporting specific PCMH components or implementation strategies should not be expected to add to the total number of studies reporting some aspect of each category. ‡ Detail on reported team composition is available in the evidence report prepared for the Agency for Healthcare Research and Quality (18) . § Overlaps with strategies to facilitate a sustained partnership. 
